ABSTRACT. To elucidate the physiological role of insulin-like growth factor-I (IGF-I) during early pregnancy in mares, number of ovarian follicles was monitored ultrasonically during different stages of the first trimester of pregnancy in 36 thoroughbred mares. From 9 of 36 mares, blood samples were collected weekly from the mating day till the end of the first trimester of pregnancy and plasma IGF-I profiles were examined with other hormones, like follicle stimulating hormone (FSH), luteinizing hormone (LH), ir-inhibin, progesterone and estradiol-17β. Plasma IGF-I level fluctuated throughout the studied period with four peaks on the 7th, 28th, 49th and 84th days of pregnancy. Plasma IGF-I showed a positive correlation with plasma FSH (P<0.05), whereas no correlation was found with other hormones during the studied period. Plasma IGF-I had no correlation with the foetal size, but positive correlation with the number of large (> 30 mm) and medium (10-30 mm) follicles. These results suggested that IGF-I might produce from the medium and large follicles during early pregnancy and promote to develop their growth via pituitary FSH mediated effects in the mares. The development and growth of the equine fetus represents the result of a complex interaction among specific regulating factors. The different growth factors were recently investigated to define their role in the regulation of proliferation and differentiation mechanisms during fetal life [3] . Studies regarding the development of the growth factors and their regulation during the fetal-neonatal period are still insufficient and often in disagreement [1] . During human early pregnancy, IGF-I and IGF-II display different spatial and temporal patterns of expression suggesting a role for them in the process attachment and implantation [16] . Little is known about the role of insulin-like growth factor-I (IGF-I) during early pregnancy in mares.
The development and growth of the equine fetus represents the result of a complex interaction among specific regulating factors. The different growth factors were recently investigated to define their role in the regulation of proliferation and differentiation mechanisms during fetal life [3] . Studies regarding the development of the growth factors and their regulation during the fetal-neonatal period are still insufficient and often in disagreement [1] . During human early pregnancy, IGF-I and IGF-II display different spatial and temporal patterns of expression suggesting a role for them in the process attachment and implantation [16] . Little is known about the role of insulin-like growth factor-I (IGF-I) during early pregnancy in mares.
The objective of this study was to characterize the profiles of plasma IGF-I during the first three trimester of pregnancy in thoroughbred mares, and to determine their relations with the embryonic (before Day 40 of pregnancy) or fetal (after Day 40 of pregnancy) growth and the follicular growth during the first trimester of pregnancy. Moreover, relations of plasma IGF-I profiles with other hormones were characterized.
MATERIALS AND METHODS

Animals:
The experiment was conducted during the breeding season of the year 2001. Thirty six clinically healthy, cyclic and non-lactating thoroughbred mares belong to Shadai Corporation, Shiraoi Farm, Shiraoi 059-0901, Japan were assigned for this study. The animals ranged from 6-18 years old and weighed from 550-650 kg.
Blood samples: Blood samples were collected from 9 mares out of 36 ones by jugular venipuncture into heparinised tubes starting from the day of ovulation then the animals were bled on every week for almost the first three months of pregnancy. Samples were centrifuged at 3,000 rpm for at least 15 min and plasma was harvested and stored at -20°C till assay.
Radioimmunoassay: Plasma IGF-I concentrations were measured by a double-antibody RIA procedure [14] . The IGF-I standard preparation and hormone for iodination were provided by Dr. Parlow. Antiserum against human IGF-I (#AFP4892898) and goat anti-rabbit IgG serum were supplied by Dr. Parlow and Dr. K. Wakabayashi, respectively. The plasma samples were first extracted with an acid-ethanol solution [2] . Samples were vortexed with an acid-ethanol solution for 30 sec. After standing for 30 min at room temperature, the samples were centrifuged at 3,000 rpm for 30 min at 4°C. An aliquot of the supernatant from each sample was neutralized with tris base. The displacement curve for increasing volume of the extract of pooled mares plasma was parallel to the standard curve. The intra-and interassay coefficients of variance were 7.8% and 8.1%, respectively. The least detectable value was 35 ng/ml. Levels of immunoreactive (ir-) inhibin, follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol-17β and progesterone in peripheral blood were measured by RIA. Plasma concentrations of FSH and LH were measured by using a rabbit against equine FSH (AFP-2062096: provided by NIDDK, NIH, Bethesda, MD, U.S.A.) and LH (AFP-240580: provided by NIDDK, NIH, Bethesda, MD, USA). Highly purified equine FSH (#AFP-5022B) and LH (#AFP-5130A) were used for radioiodination and the reference standard. These materials were kindly provided by Dr. A. F. Parlow (National Hormone and Pituitary Program, Harbor-UCLA Medical Center, CA, U.S.A.). Concentrations of ir-inhibin in plasma were determined by using antibovine inhibin serum (TDNH-1) and bovine 32 KDa inhibin for radioiodination and the reference standard [6] . The concentrations of estradiol-17β (E 2 ) and progesterone (p) in plasma were determined as described previously [18] with antisera to estradiol-17β (GDN#244) and progesterone (GDN#337). The intra-and inter-assay coefficients of variation were 6.3% and 7.4% for ir-inhibin, 6.5% and 9.2% for FSH, 5.6% and 8.7% for LH, 8.1% and 14.2% for estradiol-17β and 5.4% and 7.2% for progesterone, respectively.
Ultrasonic examination: The 36 thoroughbred mares were examined rectally and ultrasonically throughout estrus in order to monitor ovarian follicular maturation. The mares were covered with highly fertile stallions. Detection of pregnancy was carried out on the 15th day after mating using ultrasonography. Pregnant mares were examined on the 21st, 28th, 35th, 60th days of pregnancy. Ultrasonic examination was made using a digital linear real-time B mode scanner (system XLS; Diagnostic sonar, ALOKA Co. Ltd, Mure, Japan) at a frequency 5 Mhz with a probe modified for use in the mare's rectum. Number of small (< 10 mm), medium (10-30 mm) and large follicles (> 30 mm) during the period of the study was calculated. Moreover, the vertical and horizontal diameters of the early conceptus and embryo proper were measured using the ultrasonic calipers.
Statistical analysis: All values are presented as means ± SE. Statistical evaluation of data was performed by means of Student's unpaired t-test.
RESULTS
I. Clinical findings:
I-1. Changes in the conceptual dynamics: The conceptual diameter increased linearly during the studied period although the first significant increase in the conceptual diameter was recorded by the 35th day of pregnancy ( Table  1 ). The embryo proper was firstly observed on the 21st day of pregnancy as a white echogenic spot at the ventral aspect of the embryonic vesicle. The outer circumference of the conceptus changed frequently from the spherical shape on the 15th day of pregnancy to Guitar-pick, oblong and irregular shapes on the 18th, 21st, 28th-onward respectively.
I-2. Number of the follicles: Average number of different size-follicles in 36 thoroughbred mares is shown in Table 2 . Number of small follicles (< 10 mm) increased between Day 21 and 60 with two peaks for the average number of small on the 21st and 60th days of pregnancy. Number of medium and large follicles (10-30 mm and > 30 mm) significantly (P<0.05) increased on the 28th day of pregnancy. Mean number of corpora lutea increased significantly (P<0.05) by Table 1 Values in mean ± mean standard error. Means with the same letter were not significantly different. a), b), ab) means with different superscripts were significantly different (p<0.05).
Day 60 of pregnancy (6.50 ± 0.02).
II. Changes of endocrinological parameters: II-1. Changes in plasma IGF-I concentrations:
Four observable, although not significant, peaks of IGF-I during early pregnancy were noticed throughout the studied period. On day 7 of pregnancy, the first peak of IGF-I was observed concomitantly with an increase in the number of large follicles and the first peak of plasma FSH concentrations. The second and third peaks were on Day 28 and Day 49 of pregnancy while the fourth and highest rise was noticed on Day 84 of pregnancy to reach 491.19 ± 35.76 ng/ml (Fig. 1) .
II-2. Changes in the concentrations of other hormones:
Like that of IGF-I, three peaks for FSH pattern on Days 28, 49 and 84 of pregnancy were identified during the first trimester of pregnancy [ Fig. 1 (A) ]. LH pattern remained at its basal level during the first month of pregnancy, but on the 42nd and 70th day of pregnancy, a sharp rise in its level was marked to reach 87.66 ± 13.32 ng/ml and 258.17 ± 33.20 ng/ ml [ Fig. 1 (B) ]. Ir-inhibin profiles were similar to those of FSH and IGF-I with three remarkable peaks concomitant with peaks of FSH [ Fig. 1 (C) ]. Concentrations of P increased significantly after ovulation and peaked on the 7th day after ovulation but decreased thereafter. A second peak (13.04 ± 2.31 ng/ml) was noticed on Day 49 of pregnancy [ Fig. 1 (D) ]. Unremarkable changes were noticed during early pregnancy regarding plasma E 2 concentrations but generally speaking, its level remained between 1-4 pg/ml during the first trimester of pregnancy [ Fig. 1 (E) ].
II-3. Correlation of IGF-I with other hormones and the number of follicles:
During the first trimester of pregnancy, positive correlation between IGF-I and FSH was observed (P<0.05), while IGF-I did not correlate with both ir-inhibin and E2. Moreover, IGF-I concentration and the number of large and medium follicles correlated positively throughout early pregnancy period (P<0.05 and P<0.05, respectively), whereas small follicles inversely related to IGF-I pattern (P<0.05).
DISCUSSION
It is likely that IGF-I plays an important role in follicle development, dominant follicle growth and steroidogenesis. IGF-I is able to enhance LH-or human chorionic gonadotrophin-stimulated androgen release, FSH-induced steroidogenesis and promotes the growth and differentiation of follicular cells [19] . The present findings, to large extent, support the previous concept that maternal IGF-I mediates and potentiates the effect of FSH on the maternal ovaries and acts as follicular growth promoters during early pregnancy in thoroughbred mares. Estrogens can increase plasma IGF-I levels presumably via an increase in hepatic or follicular IGF-I [5] . Levels of IGF-I in follicular fluid were positively correlated with follicular diameter in antral follicles in cattle during the estrous cycle [17] .
Plasma concentrations of E 2 were very low and fluctuations of E 2 were unclear although the remarkable ovarian activity was recorded in the present study. The interval of blood collection in the present study was 7 days; therefore, this interval might be too long to observe precise fluctuations of plasma E 2 concentrations in mares. However, there might be another possibility that plasma IGF-I during this stage inhibited aromatase activity in the follicles. Because it was reported that 1 µl/ml of insulin (a dose known to crossreact with the IGF-I receptor) inhibited aromatase activity in the porcine granulosa cells in vitro [19] . Therefore, further studies will be needed to clarify the reason why the fluctuations of E 2 were unclear during this pregnant stage in mares.
IGF-I may play an important role in corpus luteum function during the estorus cycle and pregnancy since it is locally expressed and synthesized, there are receptors for it and it has been demonstrated that IGF-I exerts biological effects on the corpus luteum [12] . During pregnancy in sheep, it was concluded that IGF-I stimulates pulsatile P secretion in the corpus luteum from pregnant sheep [11] . Moreover, IGF-I might play a role in regulation of ovulation induction and luteinization as it act synergistically with gonadotrophins in increasing P secretion of granulosa cells of natural human cycles in vitro and are known to stimulate each other's receptor expression [4] . In the equine ovary, locally produced IGF-I bioavailability increased to act as a mediator of FSH action to stimulate the development of ovarian follicles. However, its role and source after luteinization and/or ovulation of these follicles is still to be investigated. It was suggested that maternal IGF-I stimulated by activating the placental transport of nutrients [7] , and the IGF-I was shown to be adjunctively and directly associated with fetal growth in human [20] . However, it was reported that there was a loss of the relationship between fetal weight and maternal plasma IGF-I concentrations in sheep [8] . Also, the maternal IGF-I pattern during early pregnant stage of mares in the present study failed to show any relation to the apparent growth rate of the conceptus. Therefore, the mechanisms by which involved in fetal growth associated with maternal IGF-I were suggested to be different between human and animal species. In mares, both the embryo and endometrium produce significant quantities of IGF-I, and the peptide secrets in autocrine-paracrine manner during early pregnant stage [9] . Therefore, this secretory pattern might not reflect maternal plasma IGF-I concentrations in this study. It was reported that IGF-I level in cord blood was shown to be adjunctively and directly associated with fetal size in pregnancies and the IGF-I plays the precise role in the fetal growth [10] . Fetal serum IGF-I concentrations do not correlate with the maternal serum concentrations but correlate positively with the fetal body weight and fetal growth rate. These facts may show that the measurements of IGF-I concentrations in fetal blood were required to clarify the relationship between the fetal growth and IGF-I concentrations in the present study.
As in other species, the present findings suggest that it seems unlikely that maternal IGF-I has a direct involvement in stimulating early growth of the conceptus during early stages of pregnancy in thoroughbred mares. It is possible that fetal IGF-I is responsible for such development and that maternal IGF-I secretion is possibly under fetal control. Regarding it function during early pregnancy in mares, IGF-I might act synergistically with pituitary FSH to stimulate the maternal ovaries resulting in the development of various sized-follicles during that time.
